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Abstract  
 
Introduction.The unicellular trophoblast epithelium of all 
ruminants so far investigated contains 15-20% binucleate cells 
with numerous secretory granules. Electron microscope (EM) 
studies of the cow, ewe, goat and deer species have established 
that these BNC migrate out of the trophoblast epithelium to fuse 
with the apposed maternal uterine epithelial cells or derivative 
to form fetomaternal tissue throughout pregnancy. However 
there is one careful EM study of the trophoblast of a wild 
ruminant, the White-tail deer, which found the usual number of 
BNC but no evidence of any migration or fusion. Since there are 
up to 200 species of wild ruminants, it was important to 
establish whether there really are two possible scenarios for 
BNC function. 
Materials and Methods. This paper reports a light microscope 
(LM) immunocytochemical study of cell dynamics in ruminant 
placentas using 1-2m deresinated sections. 
Results.  The results clearly demonstrate that the White-tail deer 
and all of the other 15 (see Table 1) randomly selected wild 
ruminants show the same BNC migration and fusion pattern. 
*Title Page and Abstract
Discussion. These results suggest that this remarkable cellular 
behaviour is fundamental to the ruminant evolutionary success.   
 
  
 
Highlights: 
 
. Fetal trophoblast binucleate(BNC) cells are uniformly 
distributed in Ruminant placentomes. 
. BNC fuse with single uterine epithelial cells to form 
fetomaternal trinucleate cells(TNC) in all 12 species examined. 
.TNC fusions unequivocally recognised immunocytochemically 
by presence of BNC granules. 
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Abstract  17 
 18 
Introduction.The unicellular trophoblast epithelium of all 19 
ruminants so far investigated contains 15-20% binucleate cells 20 
with numerous secretory granules. Electron microscope (EM) 21 
studies of the domesticated cow, ewe, goat and deer species 22 
have established that these BNC migrate out of the trophoblast 23 
epithelium to fuse with the apposed maternal uterine epithelial 24 
cells or derivative to form fetomaternal tissue throughout 25 
pregnancy. However there is one careful EM study of the 26 
trophoblast of a wild ruminant, the White-tail deer, which found 27 
the usual number of BNC but no evidence of any migration or 28 
fusion. Since there are up to 200 species of wild ruminants, it 29 
was important to establish whether there really are two possible 30 
scenarios for BNC function. 31 
Materials and Methods. This paper reports a light microscope 32 
(LM) immunocytochemical study of cell dynamics in ruminant 33 
placentas using 1-2m deresinated sections. 34 
Results.  The results clearly demonstrate that the White-tail deer 35 
and all of the other 15 (see Table 1) randomly selected wild 36 
ruminants show the same BNC migration and fusion pattern. 37 
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Discussion. These results suggest that this remarkable cellular 38 
behaviour is fundamental to the ruminant evolutionary success.   39 
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Introduction.   48 
Trophoblast binucleate cells (“giant cells”) are a unique and 49 
uniform feature of ruminant trophoblast throughout pregnancy. 50 
They are present in the earliest ruminants to evolve, the 51 
Tragulids (1), and in all of the species of ruminant so far 52 
investigated histologically (2, 3), although this forms only a 53 
handful of the wide variety known. 54 
These studies established that probably any uninucleate 55 
trophoblast cell can undergo two successive divisions producing 56 
a replacement uninucleate cell and a binucleate cell. There is no 57 
published histological or ultrastructural evidence for any stem 58 
cell population. The binucleate cell then differentiates within the 59 
epithelium, out of contact with either the basement layer or the 60 
tight junctions of the trophoblast. The nuclei become polyploid 61 
(4) and the cell produces a large number of granules from the 62 
Golgi body, containing pregnancy associated glycoproteins 63 
(PAGs) and placental lactogen (PL) hormone (2). When fully 64 
granulated, the cells migrate up to and pass through the apical 65 
tight junction maintaining the seal as they do so. They then fuse 66 
with the apposed uterine epithelial cell, forming a fetomaternal 67 
hybrid cell. The granules stream down the now trinucleate cell 68 
and are released by exocytosis to the maternal tissues. The 69 
system provides a fetomaternal buffer between the two 70 
immunological systems as well as a means of direct 71 
fetomaternal communication throughout pregnancy (2). 72 
However this remarkable and unique system has only been 73 
clearly demonstrated in domesticated and zoologically captive 74 
species, and Sinha et al reported (5) a careful histological and 75 
electron microscopical investigation of the placenta of White-76 
tail deer which found no evidence for any such migration in this 77 
wild species even though the BNC were present in the normal 78 
frequency. Since there are nearly 200 wild ruminant species it 79 
was important to discover if there were two separate systems for 80 
BNC function with more wild species showing no evidence of 81 
such a migration and fusion system as in the White-tail. 82 
 This paper reports an immunocytochemical method of 83 
investigation of conventionally immersion fixed placentas using 84 
the identification of trinucleate uterine epithelial cells with 85 
associated granule content labelling as markers for the migration 86 
and fusion system in Whitetail and a range of other wild 87 
ruminants. 88 
 89 
METHODS AND MATERIALS  90 
 91 
Animals: 92 
 93 
Mid to late pregnant animals were shot as part of Wild life 94 
management or culling procedures and placentomes removed 95 
and immersion fixed within 20 minutes of the death of the 96 
animals. Fixatives used included Bouins, phosphate buffered 97 
Paraformaldehyde or Glutaraldehyde and Surgipath ( methyl 98 
alcohol and formaldehyde). The quality of fixation varied, but 99 
crucially, all produced comparable  100 
immunocytochemical results with the PAG antibodies used on 101 
the placentome sections. 102 
 Details of the animals and origins. At least two placentomes 103 
from a single animal were used in the case of the Nilgai, 104 
Wildebeest, Axis Deer and Muntjac, at least two or more 105 
animals from each of the other species were used. 106 
 107 
TABLE 1 108 
 109 
 110 
Immunocytochemistry. 111 
A central slice was cut from each fixed placentome. “Matchstick” 112 
samples from the central region of each slice from maternal to fetal 113 
edge were used. Whatever the original fixation, all samples were 114 
postfixed overnight in 4% (para)formaldehyde in PBS with or 115 
without 1% glutaraldehyde before standard  epoxy embedding. 116 
Semithin sections were cut, picked up on cover glass squares treated 117 
with APES, and deresinated in sodium ethoxide. The cover glass 118 
squares were then floated section side down on drops of antibody 119 
followed by immunogold colloid (goat anti-rabbit G5, Jackson 120 
Immunoresearch Labs, USA) then intensified with silver reagent ( 121 
Aurion, Wagenigen, Netherlands). The antibodies used were to 122 
Pregnancy Associated Glycoproteins  Ovine PAG-2 and Bovine 123 
PAG-1 [6] used at a dilution of 1:1000. Both antibodies identified 124 
BNC granules in all species used, the one producing the least 125 
background was used to demonstrate the BNC to TNC process in 126 
each species Controls with buffer substituted for antibody showed no 127 
significant labelling. The two postfixations produced similar results.  128 
  129 
 130 
 131 
 132 
 133 
RESULTS 134 
The trophobast BNC migration and fusion to form trinucleate 135 
cells (TNC) throughout pregnancy can be unequivocally 136 
recognised on LM sections using two criteria: cells with three 137 
nuclear cross sections in the otherwise uninuclear uterine 138 
epithelium together with the presence of immunocytochemical 139 
reaction product specific for BNC granules. This paper uses 140 
antibodies to the pregnancy associated glycoproteins (PAGs) to 141 
identify the BNC granules. In all species except the giraffe (see 142 
ref 6) the BNC show uniform distribution throughout the 143 
placentome (Fig2 a, b), with TNC also being found at all levels 144 
of the maternal septa. Since the plane of section through any 145 
TNC is random, the chance of including three recogniseable 146 
nuclear profiles is low, but such a TNC provides the only 147 
conclusive evidence for BNC fusion with a single uterine 148 
epithelial (UE) cell. However cells in the UE showing PAG 149 
antibody reaction product with one two or no nuclear profiles do 150 
provide strong supporting evidence of such fusion since there is 151 
no evidence that the UE can synthesize PAGs. 152 
Successful perfusion fixation maintains the fetomaternal 153 
apposition as it is in vivo (Fig 1a). EM studies of such tissue 154 
have shown in the cow, ewe and deer the details of the BNC to 155 
TNC process (2, 7). Perfusion fixation is not practical with wild 156 
ruminants, tissues are normally only available after immersion 157 
fixation which usually disrupts the apposition. Fortunately, 158 
immersion fixation of cow placentomes, although resulting in 159 
the artifactual separation of trophoblast and uterine epithelium, 160 
can show TNC formation in the uterine epithelium at the Light 161 
Microscope level (arrowheads, Fig 1b-e). In our immersion 162 
fixed White-tail deer material very similar images of TNC 163 
formation (arrowheads) can be found (Fig 1 f-l) in both animals 164 
from different sources. The Whitetail samples (Fig 1f-l) 165 
illustrate fusing of BNC to form the TNC (Fig1f,g) as well as 166 
TNC as part of the UE (Fig 1h-l). 167 
All species studied except the giraffe (see ref 6) show a fairly 168 
uniform distribution of BNC throughout the fetal placentomal 169 
villi, as can be seen in the White-tail and Red Deer examples, 170 
Fig 2a and b. 2c is a higher magnification of 2b confirming that 171 
many of the black dots on 2b do show the characteristic two 172 
nuclei highlighted by the PAG reaction product in the BNC. At 173 
even higher magnification the red deer show the formation of  174 
TNC within the UE (Fig 2 d, e arrowheads) with the BNC still 175 
attached to the trophoblast.  176 
In the Wapiti (2f, g) the TNC are no longer attached to the 177 
trophoblast, and there are also patches of PAG reaction product 178 
indicating recent migration to the uterine epithelium with fewer 179 
nuclei on this plane of section (asterisks). 180 
In the Giraffe (Fig 2 h) the granules in the TNC are clearly 181 
directed toward their destination in the maternal tissue. 182 
 183 
The toluidine blue stained section of Muntjac villus (Fig 3a) 184 
shows definite TNC between the uninucleate cells of the UE, but 185 
without PAG reaction product these could be the result of fusion 186 
of UE cells. It needed serial sections (Fig 3 b,c), one toluidine 187 
blue stained and the next immunocytochemically stained to 188 
provide clear evidence for TNC formation. 189 
The Bison shows very similar BNC to TNC fusions (Fig 3 d,e) 190 
as in the Cow and the Congo Buffalo (results not shown). 191 
 Part perfused Chinese Water Deer, still closely apposed, also 192 
clearly illustrates the formation of a TNC (Fig 3 g, arrowheads) 193 
as well as two areas of PAG reaction product in the uterine 194 
epithelium (asterisks) indicating previous BNC to TNC fusions. 195 
 In the Impala  (Fig 4a) the placentomal TNC is less convincing 196 
than the interplacentomal (Fig 4 b, c).  197 
The Springbok placentome sections (Fig 4d, e) show two well 198 
defined TNC, with the interplacentomal TNC equally clear (Fig 199 
4f). This pattern is very similar to that found in the Nilgai 200 
(results not shown). 201 
The Pronghorn demonstrates several TNC (Fig 5a,b) as well as 202 
examples of multinucleated “patches”(Fig 5b). In the TNC in 203 
(Fig 5c) the contrast of the two BNC nuclei are clearly different 204 
from the single UE nuclear contribution to the TNC. 205 
The Ewe (Fig 6a) and Wildebeest (Fig 6 b, c) demonstrate the 206 
linear PAG staining of the continuous syncytial fetomaternal 207 
layer scattered nuclei replacing the UE. This is quite different 208 
from the single isolated TNCs formed in the uninucleate UE in 209 
most of the bovids and cervids . 210 
In Fig 7, placentomal sections of Impala, Cow and Pronghorn, 211 
all at the same magnification, show the uniform distribution of 212 
the BNC, but also emphasize the differences in frequency and 213 
size of these cells in the different species.                                  214 
 The uniformity of BNC distribution and fusion to form TNC is 215 
not matched in the size and frequency of the BNC. The BNC 216 
size ranges from about 18m diameter in the Impala, through 217 
35m in the cow to 42m in the Pronghorn; with Impala BNC 218 
the least frequent at 5+-2/cm
3
 with Cow at 13+-2/cm
3
 and 219 
Pronghorn at 14+-3cm
3
  220 
 All the wild ruminants we have been able to test have so far 221 
show the characteristic formation of individual TNC with the 222 
accompanying PAG positive labelling except the Wildebeest. 223 
This species conforms to the second variety of ruminant 224 
structure characteristic of the sheep and goat. The cellular 225 
uterine epithelium is replaced by a continuous persistent 226 
fetomaternal syncytial layer formed by repeated BNC migration 227 
and fusion after initial TNC formation at implantation. 228 
Fortunately this pattern is easily distinguished from the BNC to 229 
TNC sequence by the presence of BNC granule immunostaining 230 
of the continuous syncytium (Fig 6 a-c) rather than the localised 231 
TNC plus label of the more widespread cow pattern. 232 
 233 
Discussion 234 
 235 
This paper provides the first clear strong supporting LM 236 
evidence that the BNC migration and fusion, producing 237 
fetomaternal tissue at the boundary between mother and fetus, is 238 
likely to be characteristic of all ruminants including the White-239 
tail Deer. The lack of evidence in the 1969 paper (5) on this wild 240 
species is shown to be a methodological problem and 241 
illustrates the difficulty of recognising BNC migration using EM 242 
examination alone given the unpredictable and episodic timing 243 
and possible speed of the BNC to TNC transition. Our data with 244 
the White-tail deer clearly show evidence of migration and BNC 245 
to TNC transitions. The range of ruminant tissues available to us 246 
fortunately includes the many of the major classes according to 247 
the evolutionary supertrees mapped out so clearly in Figures 2 248 
and 3 of the paper by Price et al (8).  249 
The wildebeest results are interesting since this the first member 250 
of the Bovid Antilopinae subfamily to show the Bovid Caprinae 251 
sheep and goat pattern. This is shared with the most ancient 252 
ruminant Tragulids who show the sheep and goat pattern 253 
throughout their diffuse non placentomal placenta (1). 254 
 The small infrequent syncytial patches which can usually be 255 
found in the Bovid and Cervid placentomes are strictly 256 
localised. They are quite unlike the thin syncytial sheets which 257 
form the fetomaternal layer replacing the uterine epithelium 258 
throughout the sheep and goat placentomes. 259 
The results in this paper indicate both the uniformity of the BNC 260 
to TNC system and its flexibility. For example in the cow BNC 261 
migration forms a fetomaternal syncytium with the uterine 262 
epithelium (UE) at implantation but that is then replaced by a 263 
uninucleate UE with the BNC to TNC system as the 264 
placentomes develop. The formation of a few localised patches 265 
of UE syncytium by sequential BNC fusions is also found in 266 
several species which otherwise have a cellular UE on 95% of 267 
the maternal placentomal surface. 268 
The two patterns of BNC to TNC behaviour, individual or 269 
syncytium forming, are characteristic of particular bovid and 270 
cervid species with the individual TNC system apparently 271 
predominating among ruminants. 272 
The fetomaternal syncytium, well established in the diffuse non 273 
placentomal placenta of the earliest ruminant, Tragulus, is not in 274 
fact continuous, but made up of small syncytial areas linked by 275 
tight junctions (1). In Tragulus and the Ewe each area contains 276 
20 to 30 nuclei and are essentially short term (1,3), lasting about 277 
7 to 10 days before requiring replacement. The BNC to TNC 278 
system may be a less wasteful cellular arrangement to allow the 279 
all important delivery of the fetal messages in the BNC granules 280 
throughout pregnancy. 281 
The BNC to TNC system is undoubtedly successful, given the 282 
number of species using it, and may be an important reason for 283 
the increase in the number of ruminant species compared with 284 
the Perissodactyla (equids) over the last 20 million years of 285 
evolution. Historically this was considered to be due to the 286 
advantage of the forestomach over the colonic system of 287 
fermentation but recent evidence indicates little difference in the 288 
efficiency of the two systems (9). The equids do have very 289 
restricted migratory trophoblast BNC but no fetomaternal tissue 290 
is formed and it is essentially a short term delivery of Equine 291 
Chorionic Gonadotropin to the maternal side lasting about one 292 
third of pregnancy (2). 293 
Interestingly the horse placenta is diffuse and provides a much 294 
smaller area per gram of fetus than the placentomal ruminant 295 
type. This increase in area per gram in the ruminant 296 
has been suggested to be an important maternal factor 297 
countering the paternal epigenetic demands on the placenta (10). 298 
Thus the flexibility of the BNC to TNC system with formation 299 
of the fetomaternal camouflage and delivery of fetal messages 300 
throughout pregnancy all suggest that the reproductive pattern 301 
developed in the ruminants has considerable evolutionary 302 
advantages. 303 
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 Figure Legends 
Figure 1. Deresinated nonosmicated sections through the placentomes 
of Cow and Whitetail immunostained with Pregnancy Associated 
Glycoprotein (PAG) antibody. (a) tissue from cow perfused through 
uterine and umbilical arteries (see “empty” blood vessels, mbv and 
fbv). This illustrates the problems in well fixed tissue of distinguishing 
maternal uterine epithelium(UE)  and fetal trophoblast(T) tissue to 
allow unequivocal recognition of a trinucleate (arrowheads) UE cell 
(TNC) with associated PAG reaction product. Maternofetal junction 
indicated by red dots, trophoblast  binucleate cells (BNC)  by arrows. 
(b)Immersion fixed cow placentome processed as in (a). Maternal (M) 
tissue is separated artifactually from fetal (F), making identification of 
the TNC (arrowheads) with PAG reaction product on the maternal side 
easier. The right hand TNC is still attached to the trophoblast, 
emphasizing the origin of the BNC component. (c) and (d) Further 
examples of cow BNC migration forming TNC(arrowheads). BNC at 
arrows. (e) A rare isolated multinucleated patch of PAG reaction 
product (double arrowheads) on the maternal side in the cow. Bar= 
35m 
 (f) – (l) White-tail deer. (f) shows a TNC (arrowheads) which is 
attached to maternal tissue and (g) is a detail on a semiserial 
section of the cell marked with a double arrow in (f) confirming 
that the cell is a recently formed TNC(arrowheads) with the 
BNC part still mostly on the fetal side. . (h) to (l) Further 
examples of  TNC(arrowheads) on maternal uterine epithelium. 
BNC at arrows. (j) and (k) are semiserial sections indicating the 
difficulty of showing TNC on any one section. (l) is a doubly 
immunostained section  
with the red localising PAG in two TNC (arrowheads) and black 
characterising only the cytokeratins in the uterine epithelium 
(UE). The nuclei of the UE are indicated by the asterisks. Bar= 
30m 
 
Figure 2. Deresinated nonosmicated sections through the 
placentomes of White-tail deer, Red deer, Wapiti and Giraffe 
immunostained with Pregnancy Associated Glycoprotein (PAG) 
Figure Legend
antibody. (a) White-tail and (b) Red Deer. Low power 
micrographs demonstrating the uniformity of BNC distribution 
throughout the placentomal villi. Bar =300m. c)Red Deer. 
Detail from 2(b) showing that all the black dots are in fact BNC. 
(d) and (e) Red Deer. Formation of TNC (arrowheads) by BNC 
migration and fusion with a uninucleate UE cell. Arrows 
indicate BNC not yet migrated. (f) and (g) Wapiti. TNC 
(arrowheads) formed by BNC migration. Asterisks show 
remnants of earlier TNC fusions. Arrows indicate BNC not yet 
migrated. (h) Giraffe. TNC (arrowheads) formed by BNC 
migration. . Arrows indicate BNC not yet migrated. FV, fetal 
villus.MV, maternal septa. M, maternal tissue. T, trophoblast. 
Bar=30m. 
 
Figure 3. Deresinated nonosmicated sections through the 
placentomes of Muntjac, Bison and Chinese Water Deer 
immunostained with Pregnancy Associated Glycoprotein (PAG) 
antibody except for (a) and (b) which are stained with Toluidine 
Blue. (a-c) Muntjac. (a) stained with Toluidine Blue showing 
two putative TNC (arrowheads) in the UE but without PAG 
confirmation.(b) and (c) Semiserial sections, (b) stained with 
Toluidine Blue, showing a TNC (arrowheads) in the UE. The 
same cell immunostained on (c) (triple arrowheads) has PAG 
reaction product at its base. The BNC (arrow) in the trophoblast 
(T) also shows reaction product. Asterisks indicate the same 
blood capillaries on (b) and (c). Unfortunately it was not 
possible to counterstain the immunostained section to show the 
nuclei and the reaction product. The microvillar junction 
“immunostain” (double arrow) is a convenient but unpredictable 
artifact.  
(d)and (e) Immersion fixed  Bison placentome showing BNC 
migration and fusion (arrowheads) with individual UE cells. 
BNC at arrows. (g) Chinese Water Deer tissue perfused only via 
the uterine artery (mbv empty and obvious). Microvillar 
junction intact (dotted line). One recently formed UE TNC 
(arrowheads) and two UE areas of PAG reaction product 
(asterisks) probably TNC formed earlier.  BNC indicated by 
arrows. Bar=30m 
 
Figure 4. Deresinated nonosmicated sections through the 
placentomes of Impala and Springbok immunostained with 
Pregnancy Associated Glycoprotein (PAG) antibody. (a)Impala. 
Placentome with one possible TNC (arrowheads) attached to the 
maternal tissue (M). TrBNC at arrows. (b) Interplacentomal 
trophoblast (T) with several BNC at arrows.(c) Interplacentomal 
uterine epithelium (UE) interrupted by a TNC (arrowheads). 
Bar= 20m. (d) and (e) Springbok. Two examples of 
placentomal TNC (arrowheads) attached to the maternal tissue 
(M). Trophoblast (T) with BNC at arrows. F marks fetal villous 
connective tissue (f ) Interplacentomal trophoblast (T) with 
several BNC at arrows.(g) Interplacentomal uterine epithelium 
(UE) interrupted by a TNC (arrowheads). Bar=100m. 
 
Figure 5. Deresinated nonosmicated sections through the 
placentomes of Pronghorn immunostained with Pregnancy 
Associated Glycoprotein (PAG) antibody. (a) and (b) show 
examples of TNC (arrowheads) on the maternal (M) side and 
BNC (arrows) on the fetal (F) side. On (b) there are also two 
examples of isolated multinucleated patches of PAG reaction 
product (double arrows). (c) Red PAG reaction product and acid 
fast green to stain nuclei clearly differentiate the two BNC 
nuclei (red arrowheads) from the UE nucleus (black 
arrowheads) in each of the two TNC. The BNC (red arrow) on 
the trophoblast (F) side was inserted from elsewhere in the same 
section for comparative purposes. 
 
 
Figure 6. Deresinated nonosmicated sections through the 
placentomes of Ewe  and Wildebeeste immunostained with 
Pregnancy Associated Glycoprotein (PAG) antibody.(a) Ewe. 
The fetomaternal syncytium between trophoblast and uterine 
stroma is continuously stained by PAG and can best be seen 
around the three maternal blood vessels M1, M2 and M3. The 
nuclei in the syncitium (arrowheads) are fairly evenly spaced. F 
marks fetal blood vessels; Arrows, BNC. Bar=30m. 
(b) and (c) Wildebeest. As in the Ewe the fetomaternal 
syncitium is continuously stained by PAG and separates the 
maternal (M) and fetal (F) tissues. Nuclei (arrowheads) are 
scattered randomly along the syncitium. Arrows mark the BNC. 
Bar=60m. 
 
Figure 7. Deresinated nonosmicated sections through the 
placentomes of Impala, Cow 
and Pronghorn immunostained with Pregnancy Associated 
Glycoprotein (PAG) antibody. All three micrographs, (a), (b) 
and (c) are at the same magnification. Bar= 200m. They 
clearly illustrate the equivalent uniform distribution of the BNC 
(arrows) but the marked differences in size and frequency of the 
BNC in the three species. Higher magnification (Bar=20m) on 
the inset on (a) confirms that, though small, the Impala BNC do 
show the characteristic PAG staining as in (b) and (c). 
 
TABLE  1  
         SPECIES             ORIGIN 
Cow (Bos taurus), 
Ewe (Ovis aries) 
Dr FBP Wooding, Babraham 
Institute, Cambridge 
White-Tail Deer(Odocoileus 
virginia) 
D. Osborn, Warnell School of 
Forestry and Natural 
Resources, University of 
Georgia, USA and Dr G 
Killian, Pennsylvania State 
University, USA 
Fallow deer (Dama dama) and 
Roe Deer (Capreolus 
capreolus) 
R.Witta, Ranger, Thetford 
Forest, Norfolk, UK 
Red deer (Cervus elaphus) Regents Park, London UK and 
Dr CL Adam, Rowett Research 
Institute, Aberdeen,UK 
Axis Deer (Axis axis);  
Chinese Water Deer    
(Hydropotes inermis);  
Congo Buffalo (Syncerus 
caffer nanus);  
Muntjac (Muntiacus reevesi); 
Nilgai (Boselaphus 
tragocamelus). 
Veterinary Dept, ZSL  
Whipsnade Zoo, Dunstable, 
UK.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
Wildebeest (Connochaetes 
taurinus) and  
Giraffe (Giraffa 
camelopardalis). 
Dr WR Allen, The Paul Mellon 
Laboratory, Newmarket, UK 
Impala (Aepyceros melampus) 
Springbok (Antidorcas 
marsupialia) 
Dr RD Van Aarde, Dr JD 
Skinner, Mammal Research 
Institute, University of 
Pretoria, South Africa. 
Tragulus (Tragulus spp.) Dr J Kimura, Seoul National 
University, South Korea. 
Pronghorn (Antilocapra 
americana) 
Wapiti (Cervus canadensis) 
Dr WJ Silvia, CH Hamilton, 
Dept of Animal and Food 
Science, University of 
Table
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 American Plains Bison (Bison 
bison) 
Kentucky, USA and Dr TW 
Geary, US Dept of Agricultural 
Research Service, Miles City, 
MT, USA 
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